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A.													Animal	Analysis	Scientific	opinion	on	the	prevalence	or	absence	of	musicality	among	animals	is	varied	(Milus,	2000).	To	iterate	this	point,	two	research	perspectives	are	explored.	A	common	view	among	biologists	is	that	animal	vocalisations	are	an	evolutionary	adaptation,	that	serve	a	specific	functional	purpose,	for	example	finding	a	mate	or	reinforcing	territory	(Bernard-Mache,	1997).	From	this	perspective,	music	in	a	traditional	sense	is	unique	to	humans	alone.		Merker,	Morley	and	Zuidema	(2015)	described	five	constraints	that	needed	to	be	met	for	the	creation	of	human	musicality.1	However	some	of	these	constraints	are	not	applicable	in	the	music	creation	of	today.	For	example,	the	fourth	constraint		is	stated	as	“entrainment	with	perfect	synchrony”	(Merker	et	al.,	2015,	p.5).	Merker	et	al	suggest	that	synchrony	in	rhythm	and	dance	is	a	unique	trait	in	humans.	In	the	Postmodernist	era	that	we	occupy,	music	can	be	arrhythmic	or	unsynchronised,	and	still	be	understood	to	be	music	as	a	human	construct.	An	antagonistic	respondent	could	argue	that	animals	could	have	the	capacity	to	“drum	synchronously”,	but	choose	not	to.			 	 	 	 	Others	believe	that	music	is	inherent	within	nature,	and	this	belief	has	been	met	with	some	trepidation.	Gray	(2001)	drew	from	a	variety	of	sources	in	an	attempt	to	draw	parallels	between	wildlife	and	music.	Species	discussed	included	whales	and	birds.	Between	humans	and	a	variety	of	animal	species,	Gray	suggests	specific	similarities	in	rhythm,	phrase	length,	song	length,	vocal	range,	song	structure,	and	tone.	The	nature	of	such	a	broad	discussion	runs	the	risk	of	glossing	over	conclusions	drawn,	without	necessarily	providing	effective	evidence	to	support	statements	made.	Take	this	example:			 “Some	birds	pitch	their	songs	to	the	same	scale	as	Western	music,	one	possible	reason	for	human	attraction	to	these	sounds.	For	example,	notes	in	the	song	of	the	wood	thrush	(Catharus	mustelina)	[HN11](sic)	are	pitched	such	that	they	follow	our	musical	scale	very	accurately.”	(Gray,	2001,	p.	3)			Gray’s	article	provides	a	good	reference	point	to	follow	a	line	of	research,	however	some	statements	made	can	not	be	assumed	as	conclusive	and	can	contribute	to	an	idea	that	

























	Figure	2.	The	Pied	Butcherbird.		Image	Source:	http://images.ala.org.au/store/c/2/8/d/d2aa8be4-73f9-4427-a64a-037786c3d82c/original			Out	of	the	Butcherbirds,	the	Pied	Butcherbird	appears	to	be	the	favourite	for	musical	content.	Vocalisations	of	Pied	Butcherbirds	have	been	the	source	of	inspiration	for	many	composers,	including	Henry	Tate,	Hugh	Dixon,	David	Lumsdane,	Hollis	Taylor,	Don	Harper	and	Olivier	Messiaen	(Taylor,	2011).	The	work	of	Hollis	Taylor	has	extensively	contributed	to	our	understanding	of	the	Pied	Butcherbird's	song.	Taylor	(2008)	developed	a	strategy	for	the	field	recording,	analysis,	and	transcription	of	the	Pied	Butcherbird	song,	and	these	were	implemented	in	numerous	compositions.	Occupying	a	realm	incorporating	both	scientific	rigour	and	artistic	practise,	Taylor	was	able	to	collect	and	describe	the	recordings	in	musical	terms:		 		 	 		 	 	 	 	“A	phrase	is	a	recognisable	and	orderly	group	of	notes;	phrases	are	separated	by	pauses,	which	are	generally	of	the	order	of	several	seconds.	A	motif	is	a	coherent	subsection	of	a	phrase.	A	song	is	a	sustained	singing	performance.	A	single	bird’s	entire	set	of	phrase	types	is	a	song	repertoire.”	(2008,	p.87)5		 	 	 	 	Taylor	identified	various	rhythmic	devices	within	the	Pied	Butcherbird	song	such	as	accelerando,	ritardando,	rubato,	syncopation,	triplets	and	other	tuplets,	anacrusis,	
                                                5	For	the	purposes	of	this	research,	the	term	‘note’,	or	more	specifically	a	musical	note,	refers	to	a	sonic	instance	that	holds	an	identifiable	stable	frequency	centre.	
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101 743.04 702.1 738.86 5.8311 98.116 758.2 757.38 759.72 0.30896 5.3406 0.20047 3.4672
102 873.35 868 862 1.3167 22.646 915.2 922 919.2 0.74301 12.816 0.30461 5.2655
103 606.62 619.6 611 2.1397 36.653 627.3 624.25 627.15 0.48859 8.438 0.02392 0.414
104 731.42 716.3 716.65 2.1108 36.163 745.4 741.29 736.17 1.25379 21.571 0.69549 11.999
105 579.89 581.5 582.07 0.3759 6.4961 592.9 603.31 597.55 1.75578 30.133 0.78428 13.525
106 767.89 775.2 763.76 1.4979 25.739 NA 849.58 847.2 0.28093 4.8567 0.28093 4.8567
107 615.15 614.3 615.04 0.1384 2.3938 630.5 630.26 630.5 0.03808 0.6591 0 0
108 757.2 754.8 757.7 0.3842 6.6388 777.9 778.18 777.2 0.12609 2.1816 0.09007 1.5586
201 651.6 651.2 654.01 0.4315 7.4544 669.9 672.14 668.88 0.48738 8.4172 0.15249 2.638
202 650.74 655.2 645.32 1.531 26.305 680 659.96 662.82 3.03655 51.787 0.43336 7.4863
203 745.96 740.3 736.84 1.2377 21.296 764.4 765.62 757.03 1.1347 19.534 1.1347 19.534
204 512.04 514.8 512.76 0.539 9.3066 526.7 525.19 526.22 0.28751 4.9704 0.09122 1.5785
205 670.74 657.9 653.4 2.6538 45.345 606.9 603.24 602.26 0.77043 13.287 0.16272 2.8148
206 637.36 634.4 629.85 1.1923 20.52 651.7 651.44 652.05 0.09364 1.6203 0.05371 0.9295
207 732.7 728.5 732.13 0.5765 9.9524 753.3 756.16 752.99 0.42099 7.273 0.04117 0.7126
208 511.68 522.7 516.8 2.1537 36.89 529.9 529.49 529.58 0.07743 1.34 0.017 0.2942
209 1132.11 1142 1126.46 1.3795 23.72 1166 1164.8 1157.41 0.74217 12.801 0.63763 11.004
301 518.52 523.7 520.16 0.999 17.209 532.2 531.83 531.6 0.11287 1.9529 0.04327 0.7489
302 509.64 508 506.7 0.5802 10.016 520.9 519.18 520.16 0.33129 5.726 0.14226 2.4612
303 505.81 505.1 505.36 0.1406 2.4318 518.8 518.55 518.82 0.05207 0.9012 0.00386 0.0667
304 500.52 503.5 502.67 0.5954 10.277 516.8 519.87 516.8 0.59404 10.254 0 0
305 612.45 616.7 615.72 0.6939 11.972 633.3 628.88 631.86 0.70284 12.125 0.2279 3.941
306 711.46 710.3 721.36 1.5571 26.749 733.4 729.25 740.2 1.50154 25.802 0.92719 15.978
307 677.82 686.9 682.33 1.3396 23.037 705.3 697.95 699.83 1.05308 18.136 -0.2686 -4.657
308 616.25 613 616.39 0.553 9.5477 634.8 629.75 633.88 0.80191 13.827 0.14514 2.5109
309 614.09 612.3 614.37 0.3381 5.8429 627.9 629.15 631.19 0.52397 9.0474 0.32425 5.6044
310 615.33 613.4 613.02 0.3768 6.5114 628.7 629.11 628.5 0.09706 1.6795 0.03182 0.5508
311 1143.2 1147 1145.97 0.3674 6.3487 1172 1176.6 1172.89 0.3942 6.8111 0.07594 1.3142
401 357.52 376 362.03 5.1689 87.25 364.1 359.34 370.1 2.99438 51.079 1.6479 28.296
402 701.4 717.5 722.71 3.0382 51.815 737.3 721.41 742.22 2.88463 49.233 0.6673 11.514















































                                                17	Further	information	about	the	tuning	system	can	be	found	in	the	article	by	Maujean	and	Tsang	(2016):	http://econtact.ca/18_3/maujean-tsang_makestra.html	18	Accurate	pitch	shifting	was	achieved	through	Ableton	Live’s	warp	function.	Warp	is	set	to	“re	pitch”.		
26 
where	the	pitch-shifted	frequency	values	were	transcribed	into	Sibelius	(2107)	(using	quarter	tone	approximations)	to	serve	as	a	melodic	guide.	Parts	were	notated	for	violin,	trombone,	and	three	3D	printed	flutes;	each	aimed	to	‘contrapuntally’	support	the	birdsong	‘melody’,	and	transform	it	into	a	piece	of	music.	Upon	completion	of	the	composition	the	notated	lines	were	each	exported	as	audio	files,	which	were	then	rendered	as	a	3D	spectrogram	score	for	performance.	
	Figure	14.	Excerpt	of	3D	Spectrogram	score	for	CrouchMessiaenTaylor.		A	full	explanation	of	the	CrouchMessiaenTaylor	3D	spectrogram	extends	beyond	the	scope	of	this	thesis.	Suffice	to	say,	the	coloured	bars	(displayed	in	Figure	14)	correspond	with	3D	printed	flute	notes.	Each	coloured	3D	sound	visualisation	reflects	each	of	the	instrument	parts.		In	this	way,	this	single	video	served	as	a	score	and	conductor	for	the	ensemble.	The	3D	spectrogram	video	also	played	the	Crouch	(1977)	audio	(visualised	in	purple),	so	that	instrumentalists	could	play	their	parts	live	and	in	sync	with	the	recording.		Future	works	are	to	develop	on	this	set	of	compositional	techniques,	to	build	a	suite	of	compositions	drawn	from	birdsong	recordings.	However,	effective	development	of	these	compositions	requires	refining	and	improving	the	accuracy	and	efficiency	of	birdsong	frequency	analysis.			
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Chapter	Three	
I.												Conclusion	The	purpose	of	this	dissertation	was	to	develop	and	document	a	strategy	for	analysing	and	responding	to	field	recordings	of	birdsong.	The	ability	to	analyse	intonation	of	recorded	birdsong	is	dependant	on	accurate	frequency	readings.	Inaccuracies	in	frequency	results	compound	subsequent	analysis	discrepancies.	With	the	variance	between	closest	different	frequency	analysis	methods,	averaging	at	0.1258%	or	2.17	cents.	This	suggests	that	that	the	differing	analysis	methods	can	produce	results	that	are	accurate	by	collusion.	However	the	audio	appeared	to	need	to	be	edited	meticulously,	looking	for	the	most	stable	frequency	contour	in	each	note.	With	95%	of	notes	satisfying	the	0.5793%	or	10	cent	variation	threshold	for	inclusion	in	subsequent	analyses,	a	considerable	amount	of	the	data	was	usable.		This	study	focussed	on	a	single	recording,	meaning	a	small	sample	size.	Therefore	no	definitive	conclusions	can	be	applied	about	the	accuracy	of	frequency	analyses,	or	trends	around	the	intonation	of	the	Pied	Butcherbird.	The	process	of	isolating	stable	frequency	contours,	exporting	separate	audio	files,	analysing	frequency	and	then	comparing	for	inefficiency	is	time	consuming,	averaging	at	approximately	10	minutes	per	note	analysed.	While	it	may	produce	a	relatively	accurate	result,	this	process	needs	to	be	made	more	streamlined	and	efficient	before	being	applied	to	larger	sample	sizes.			A	strategy	for	comprehending	the	frequency	and	intonation	of	birdsong	phrases	and	notes	has	successfully	been	established.	Applying	this	method	can	equip	a	composer	with	an	alternative	pitch	set,	to	be	able	to	musically	respond	to	recorded	birdsong.	While	this	technique	is	still	in	development,	future	analyses	will	initially	aim	to	look	out	for	birdsongs	that	are	relatively	slower	in	tempo,	with	long	note	sustains	and	notes	with	generally	stable	frequency	contours.	
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